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Abstract 
This study investigated the effect of real-life noises (i.e., traffic noises and restaurant noise) 
and synthetic noises (i.e., speech-shaped noise and ten-talker babble) on the perception of 
Cantonese initial consonant with varying manner and place of articulation. Sixteen native 
Cantonese participants identified the 19 initial consonants under quiet condition and the four 
noise types with 0 dB and -6dB signal-to-noise ratios. Results showed that Cantonese 
consonant perception difficulty in real-life noises could be predicted from synthetic noises. 
Ten-talker babble had the greatest masking effect on Cantonese consonants. Among the 
different manner and place of articulation, nasals and the consonants with more anterior place 
of articulation were the most difficult to perceive in noise. 
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I. Introduction 
Perceiving speech in noise is a daily challenge not only for the hearing-impaired (e.g., 
Ahlstrom, Horwitz, & Dubno, 2009) and aging populations (e.g., Carmeron, Glyde, & Dillon, 
2011), but also for young normal hearing adults (Pichora-Fuller, Schneider, & Daneman, 
1995). 
 Most previous studies that investigated the effect of noise on speech perception 
focused on English, used synthetic noises (e.g., white noise, speech spectrum noise) and 
employed an incomplete set of consonants. In general, the results showed that in noisy 
environment, vowels were more difficult to perceive than consonants (Edwards, 2004) and 
among the consonants, more errors were found in place of articulation than manner of 
articulation or voicing (Phatak & Allen, 2007; Gelfand, Schwander, Levitt, Weiss, & Silman, 
1992). Few studies have examined speech perception in noise in other languages and little is 
known about speech perception in real environmental noises. It is therefore, unclear how well 
the findings in previous studies can be generalized to the untested languages and real-life 
noisy situations. This study was designed to examine Cantonese consonant perception in 
synthetic and real-life environmental noises. 
Cantonese phonology differs from that of English in a variety of ways. Cantonese has 
six final consonants (i.e., /p/, /t/, /k/, /m/, /n/, /ŋ/) and 19 initial consonants. The initial 
consonants have the contrastive feature of aspiration, (e.g., /t/ and /t
h
/) that is not found in 
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English, and do not have the voiced and voiceless contrast in English. Some consonants, such 
as /ts/, /ts
h
/, /k
w
/, /k
wh
/, exist in Cantonese but are absent in English. Table 1 shows the 19 
initial consonants in Cantonese. Cantonese, which is a tone language, also differs from 
English by using pitch patterns in a syllable to convey different lexical meanings. It is 
therefore unclear whether Cantonese shares the same pattern of perception difficulties in 
noise as English.  
 
Table 1  
The 19 initial consonants of Cantonese and their corresponding manner and place of 
articulation, and aspiration features 
IPA symbol Manner of 
Articulation 
Place of 
Articulation 
Aspiration 
/p/ Stop Bilabial Unaspirated  
/p
h
/ Stop Bilabial Aspirated  
/t/ Stop Alveolar  Unaspirated 
/t
h
/ Stop Alveolar Aspirated 
/k/ Stop Velar Unaspirated 
/k
h
/ Stop Velar Aspirated 
/k
w
/* Stop Labial-velar Unaspirated 
/k
wh
/* Stop Labial-velar Aspirated 
/m/ Nasal bilabial N/A 
/n/ Nasal alveolar N/A 
/ŋ/ Nasal velar N/A 
/ts/* Affricate Alveolar  Unaspirated 
/ts
h
/* Affricate Alveolar  Aspirated 
/s/ Fricative  Alveolar  N/A 
/f/ Fricative Labiodentals  N/A 
/h/ Fricative  Glottal  N/A 
/j/ Glide Palatal  N/A 
/w/ Glide Labial-velar N/A 
/l/ Liquid  alveolar N/A 
* The initial consonants that are found in Cantonese, but not in English 
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Different types of noises interfere speech perception in different ways. There are two 
main types of masking effects: energetic masking and informational masking. Energetic 
masking hinders the auditory peripheral representation of the speech sounds by degrading the 
incoming acoustic signal. Informational masking reduces speech intelligibility by draining 
central processing resources such as attention and memory (Mattys, Brooks, & Cooke, 2009). 
In general, non-speech noises such as white noises and speech-shaped noise (SSN) cause 
mainly energetic masking. Speech babble noises cause both energetic and informational 
masking but the amount of informational masking decreases with the increase of the number 
of speakers in the masker. Babble noise with 6 or more talkers becomes unintelligible and 
induces less informational masking than babbles with 3 or fewer talkers (Freyman, 
Balakrishan, & Helfer, 2004). 
Different noise types also affect consonant perception to different degrees. Broersma 
& Scharenborg (2010) reported that SSN had larger masking effect on English consonant 
identification than eight-talker babble, which in turn had larger masking effect than 
modulated-speech shaped noise. Lecumberri & Cooke (2006) found slightly different results 
and reported that masking effect of different noises on English consonant perception from the 
largest to the smallest was: 8-talker babble, SSN, and 2-talker babble. Several studies (Miller, 
1947; Festen & Plomp, 1990; Simpson & Cooke, 2005) concluded that, when the global SNR 
was held constant, noises with smaller modulation depth, such as multi-talker babble or SSN, 
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had larger masking effect on speech perception than highly-modulated maskers, such as 
speech or speech-modulated noise This can be explained by Cooke’s glimpsing model, which 
suggested that people perceive sounds in noise by making use of the spectro-temporal regions 
where the noise level decreases and the speech signal is higher than the noise (Cooke, 2006; 
Gnansia, Péan, Meyer, & Lorenzi,2009). This study attempted to investigate the effect of 
noise type and the differential effect of informational and energetic masking on Cantonese 
consonant perception.  
      Despite the substantial studies on speech perception in noise, few adopted real-life 
background noises. Real-life environmental noises tend to have more instantaneous 
fluctuation in intensity and spectrum which is likely to be different from the stationary 
long-term average speech spectrum of synthetic noise (Rhebergen, Versfeld, & Dreschler, 
2008). Rhebergen et al. (2008) investigated the effect of environmental noise on speech 
intelligibility in Dutch and found that stationary-like noises have greater masking effect on 
speech than noises with fluctuating spectrum and intensity of the same A-weighted RMS 
value, suggesting that real-life environmental noises may have less masking effect than 
stationary, synthetic noises. However, it remains unclear how well results using synthetic 
noises predict difficulties in speech perception in real-life noisy situations and which type of 
synthetic noises can better predict the difficulties. 
Aim of the study 
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The purpose of this study is to investigate (1) the effect of noise level, that is in quiet, 0 
dB SNR (A0), and -6 dB SNR (N6), on the perception of a full set of Cantonese initial 
consonants, (2) the effect of noises (traffic noise (TRF), restaurant noise (RES), SSN, and 
10-talker babble (10B)) with varying degrees of informational and energetic masking on 
perception of Cantonese consonant with different manner and place of articulation, and (3) 
how well accuracy of consonant perception in real-life noisy situations, such as TRF and RES, 
can be predicted from performance in synthetic noises, which are SSN and 10B, created in 
laboratory.  
       It was hypothesized that consonant perception would be affected by SNR, with -6 dB 
SNR lower than 0 dB SNR. The effect of the various noise types would have differential 
effect on different class of consonants, as suggested in English studies. The order of 
consonant perception accuracy in quiet and in the four types of noise would be: quiet > TRF 
(fluctuating energetic masking) > RES (fluctuating energetic plus informational masking) > 
SSN (steady-state energetic masking) > 10B (relatively steady energetic masking plus 
informational masking). Consonant perception in SSN would better predict performance in 
non-speech noises such as TRF while performance in 10B would better associate with that in 
RES.  
 
II. Method 
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A. Participants 
      Sixteen native Cantonese-speaking young adults (6 males and 10 females) between 
the age of 21 to 27 years old (M: 22.7 years old) participated in the study. Among the 16 of 
them, 12 were the students from the University of Hong Kong and 9 had received phonetic or 
linguistic training. All participants were born and had been residing in Hong Kong since birth. 
They all spoke Cantonese at home 80%-100% of time (M= 98% of time), and used 
Cantonese most of the time when they were not in school. All of them had hearing threshold 
of 25 dBHL or lower at 500Hz, 1kHz, 2kHz, and 4kHz from the result of hearing screening 
done. None reported any hearing, speech or language problem.  
B. Stimuli 
     Two sets of stimuli were employed. The experimental stimuli included 38 familiar 
monosyllabic words which were a combination of the 19 Cantonese initial consonants (/p, p
h
, 
t, t
h
, k, k
h
, k
w
, k
wh
, ts, ts
h
, m, n, ŋ, f, s, h, j, w, l/) with the vowel /a/. With a few exceptions, all 
words were in CV syllables and one of the two words for each consonant was in Tone 1 and 
form minimal pairs with all the other consonants, while the other word had the same vowel 
and CV structure but in a different tone. Since five consonants do not form familiar words 
with /a/ in CV in Tone 1, a word with /a/ in CV but in another tone was selected. And as five 
consonants do not have a second word that forms familiar words in CV structure, another 
word with a final nasal was selected (see Appendix 3 for the stimuli list). Four native 
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Cantonese speakers (two males and two females) recorded the Cantonese monosyllabic 
words in the stimuli list. There were altogether 152 tokens (19 consonants x 2 tones x 4 
speakers). 
      The training stimuli list was consisted of another 19 highly familiar monosyllabic 
words with a different vowel (See Appendix 3) and was recorded by a different native 
Cantonese-speaking female speaker. 
      Four noise maskers were constructed. To create the 10B, 25 daily sentences with 
equal length covering all the phonemes in Cantonese were selected from the Cantonese 
Hearing in Noise Test (CHINT) (Wong & Soli, 2005). Five male and five female native 
Cantonese speakers recorded the sentences. All sentences were normalized to have the same 
root-mean-square (rms) energy. The 25 sentences produced by each speaker were connected 
in a random order and the productions of the ten talkers were added together. Twelve seconds 
of the babble noise without intelligible speech or distinguishable speaker were chosen. To 
create the SSN, a white noise was generated and passed through a 125-coefficient filter 
derived from the LPC spectrum of the 10B created as mentioned above, which was the sum 
of 250 Cantonese sentences produced by the speakers. Twelve seconds of the SSN were 
selected. The TRF was recorded at a busy 8-lane road with slow traffic in Hong Kong using 
an Audio Technica AT877 condenser microphone with a 16-bit resolution and 44.1 kHz 
sampling rate. A 12-second section free of human voices and squeaking noise was selected. 
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The RES was recorded using a Shure SM 58 microphone with the same resolution and 
sample rate at a McDonald in Hong Kong with about 15 people around. A 12-second section 
free of intelligible speech and clattering and clinking noises was chosen. 
To combine the speech signal with the 4 types of noises, the four 12-second noises 
and the 152 target words were equalized in intensity, and then a section that was longer than 
the target word by 100 ms was randomly selected and added to the speech signal with the 
noise started at 50 ms earlier and ended at 50 ms later than the speech signal. To create 2 sets 
of stimuli with different SNR, the noise level was adjusted so that the words were combined 
with the noise with 0 and -6 dB SNR. The training stimuli were combined with the noises 
following the same procedures. All stimuli were arranged in blocks by speakers and noise 
type. Thus, there were 4 blocks (1 per speaker) of 38 stimuli (19 consonants x 2 words) in 
quiet, 4 blocks (1 per noise type) of 38 training stimuli (19 consonants x 1 words x 2 SNR) in 
noise, and 16 blocks (4 speakers x 4 noise types) of 76 experimental stimuli (19 consonants x 
2 words x 2 SNRs) in noise.  
C. Procedures 
The participants attended two 1.5-hour sessions and were tested individually in an 
acoustically isolated booth with the experimenter being the online-rater. In the first session, 
after filling in the language background questionnaire and doing the hearing screening using 
pure tone audiometry, participants were instructed to listen to the 152 Cantonese 
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monosyllabic words in quiet, which served as the baseline for the perception in noise 
conditions. Then the participant listened to the 4 blocks of training stimuli in a random order. 
This procedure was to familiarize them with the tasks and the data were discarded without 
analysis. Then the experimental stimuli produced by one of the four speakers were randomly 
selected and blocked by noise types. The order of presentation of the 4 noise types and the 76 
trials within each noise type were presented randomly to balance out any bias. The 
productions of the other 3 speakers were presented in the second session. The participants’ 
task was to listen to the stimuli and repeat what they heard. The phonetically trained 
experimenter recorded the initial consonant produced by clicking a corresponding symbol on 
the screen. The productions of the participants were audiotaped for inter- and intra-judge 
reliability as well. Table 2 shows the session design.  
 
Table 2 
      The order of presentation of the stimuli sets, the name of the stimuli sets, their no. of blocks 
within each set and the way of grouping of blocks, and the no. of trials within each block used 
in the present experiment 
Order of 
presentatio
n of stimuli 
sets Stimuli sets 
Speakers who 
recorded the 
stimuli 
No. of 
Blocks 
within 
each set 
Grouping 
of Blocks 
No. of trials 
within each 
block 
Total no. of 
trials within the 
set 
1 
Quiet 
Condition 
Speakers 
1,2,3,4 4 By speakers 38 152 
2 
Training set in 
noise 
Training 
speaker 4 
By noise 
types 38 152 
3* 
Four 
experimental 
sets in noise Speaker 1 4 
By noise 
types 76 304 
13 
 
 
    Speaker 2 4 
By noise 
types 76 304 
    Speaker 3 4 
By noise 
types 76 304 
    Speaker 4 4 
By noise 
types 76 304 
                                            Total no. of trials in experiment: 1520 
* The order of presentation of these four experimental sets was randomized across 
participants to balance out any bias 
  
III. Results 
A. Reliability measurement 
To evaluate intra-judge and inter-judge reliability, 3 of the participants were 
randomly selected and the initial consonants of all their productions (4560 trials, 19% of the 
entire set of data) were transcribed by the same experimenter and another 
phonetically-trained student in Speech and Hearing Sciences. Both intra-judge and 
inter-judge reliability showed almost perfect agreement using Cohen’s Kappa statistic 
(intra-judge: Kappa= .99, p < .001; inter-judge: Kappa= .97, p < .001), indicating consistent 
and reliable online-scoring of the experimenter. 
B. Effect of noise level on initial consonants identification 
      The participants identified the initial consonants in quiet with very high accuracy rates 
(M= 97%, SD= 1.6%). A one-way repeated-measures ANOVA was conducted to investigate 
the effect of noise level when all the noise types were collapsed. Results showed a significant 
main effect of noise level on the accuracy of consonant identification (F(2, 30) = 2073.59, p 
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< .001, ηp
2
 = .993). As expected, post hoc test showed that the accuracy in consonant 
identification in quiet was significantly higher than that in 0dB SNR (p < .001), which in turn 
was significantly higher than that in -6dB SNR (p < .001).  
C. Accuracy of consonants by manner of articulation in different noises 
The mean and standard deviation of the accuracy of consonant identification with 
each manner of articulation and under each noise type and in quiet were shown in Table 3.  
 
Table 3 
Mean and standard deviation (in blankets) of the accuracy of consonant identification with 
different manner of articulation under the four noise types and under quiet condition by the 
16 participants* 
 Affricate Fricative Glide Liquid Nasal Stop Mean 
Quiet 99.6 
(1.56) 
98.7 
(2.51) 
95.7 
(4.96) 
93.8 
(10.21) 
96.6 
(6.31) 
97.8 
(1.97) 
97.5 
TRF 92.8 
(4.67) 
56.8 
(5.82) 
52.1 
(9.32) 
47.3 
(12.07) 
41.1 
(8.10) 
55.4 
(5.90) 
56.5 
RES 95.5 
(3.95) 
54.8 
(8.22) 
59.2 
(12.78) 
38.3 
(12.05) 
37.0 
(9.49) 
51.5 
(6.00) 
54.5 
SSN 91.4 
(2.68) 
52.6 
(7.32) 
52.7 
(13.97) 
45.3 
(10.83) 
46.4 
(7.47) 
52.6 
(6.21) 
55.3 
10B 69.7 
(9.73) 
50.0 
(10.46) 
55.1 
(15.26) 
40.2 
(15.97) 
34.0 
(6.62) 
45.3 
(6.24) 
47.6 
Mean 88.7 58.6 59.3 48.4 45.9 56.4 58.4 
* The results in the table do not take the accuracy in training into account.  
 
A two-way repeated-measures ANOVA was conducted to examine the effect of 
noise type and manner on accuracy of consonant perception. The results showed significant 
main effect of noise (F(3, 45) = 33.14, p < .001, ηp
2
 = .688), significant main effect of 
manner (F(2.91, 43.67) = 98.97, p < .001, ηp
2
 = .868), and significant interaction of noise and 
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manner (F(6.24, 93.56) =12.85, p < .001, ηp
2
 = .461). Pairwise comparisons showed that 
accuracy of consonant identification in 10B was significantly lower than that in the other 3 
noises (all p < .001) (see Figure 1). Among the 6 manners of articulation, the order of mean 
accuracy from highest to lowest based when collapsing all noise types was: affricates, glides, 
fricatives, stops, liquids, and nasals (see Figure 2). Pairwise test revealed that the accuracy 
rates in affricates were significantly higher than that in the other 5 manners of articulation (all 
p < .001); the accuracy of liquids was significantly lower than all other manners of 
articulation (p ranged from .000 to .01) except for stops (p > .05) and nasals (p > .05), while 
the accuracy of nasals was significantly lower than that of all other manners of articulations 
(p ranged from .000 to .004) except for liquids. Figure 3 shows the accuracy of the manners 
of articulations in different noise types. The orders of accuracy of the different manner types 
were similar in RES and 10B, but they were less differentiated in TRF and SSN.       
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Figure 1. Main effect of noise type on the accuracy of initial consonant identification 
 
 
Figure 2. Main effect of manner of articulation on accuracy of consonant identification when 
collapsing all noise types 
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Figure 3. This figure showed the accuracy of identification of consonants with different 
manner of articulation under different noise types 
 
D. Place of articulation  
The mean and standard deviation of accuracy of consonant identification with each 
place of articulation and under each noise type and in quiet were shown in Table 4.  
 
Table 4. Mean and standard deviation (in blankets) of the accuracy of consonant 
identification with different place of articulation under the four noise types and under quiet 
condition by the 16 participants* 
 Alveolar Bilabial Glottal Labial-velar Labiodentals Palatal Velar Mean 
Quiet 97.0 
(3.11) 
97.4 
(3.69) 
96.1 
(7.53) 
96.4 
(3.69) 
100.0 
(.00) 
100.00 
(.00) 
98.7 
(3.64) 
97.5 
TRF 62.8 
(6.75) 
36.2 
(11.23) 
11.7 
(11.61) 
52.6 
(4.96) 
67.2 
(11.97) 
62.9 
(7.02) 
75.4 
(7.23) 
56.5 
RES 59.5 
(6.25) 
32.3 
(12.29) 
20.3 
(17.60) 
52.7 
(8.08) 
60.9 
(13.79) 
70.7 
(14.20) 
70.3 
(5.19) 
54.5 
SSN 61.6 37.1 16.4 49.2 54.7 68.0 74.1 55.3 
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(5.47) (12.60) (17.66) (6.58) (14.70) (12.47) (6.80) 
10B 50.7 
(7.23) 
32.3 
(13.02) 
18.0 
(16.4) 
47.5 
(5.11) 
49.2 
(14.05) 
64.8 
(13.9) 
59.1 
(8.33) 
47.6 
Mean 62.9 41.5 25.4 55.6 62.7 70.3 72.9 58.4 
* The results in the table do not take the accuracy in training into account. 
 
A two-way repeated-measures ANOVA was conducted to examine the effect of noise 
type and place on the accuracy of consonant perception. The results showed a significant 
main effect of noise (F(3, 45) = 18.45, p < .001, ηp
2
 = .552), a significant main effect of place 
(F(3.39, 50.79) = 78.05, p < .001, ηp
2
 = .839), and a significant interaction effect of noise and 
place (F(18, 270) = 6.36, p < .001, ηp
2
 = .298). The order of mean accuracy for the places of 
articulation from highest to lowest based when all the noise types were collapsed was: velar, 
palatal, alveolar, labiodental, labial-velar, bilabial, glottal (see Figure 4). The accuracy of 
identification of velar was significantly higher than that of all other places of articulation (p 
ranged from .000 to .02), except palatal (p > .05). On the other hand, that of glottal was 
significantly lower than that of all other places of articulation. Table 5 shows the results in 
the pairwise comparisons. The accuracy rates of different places of articulation in different 
noises are shown in Figure 5. Overall, the orders of place of articulation were similar in 
different noises except for the palatal and labiodental consonants. 
 
Table 5. Results in the pairwise comparisons between different places of articulation (from 
highest to lowest order of accuracy) (< .05 indicated significant difference; > .05 indicated 
non-significant difference) 
  Velar Palatal Alveolar Labiodental Labial-velar Bilabial Glottal 
Velar  --- 1.00  .001 .02 .000 .000 .000 
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Palatal 1.00   --- .10  .32  .000 .000 .000 
Alveolar  .001  .10 ---  1.00 .001 .000 .000 
Labiodental  .02  .32  1.00  --- .40 .000 .000 
Labial-velar  .000  .000  .001  .40  --- .001 .000 
Bilabial .000  .000  .000  .000  .001   --- .02 
Glottal .000 .000 .000 .000 .000 .02 --- 
 
 
Figure 4. Main effect of place of articulation on accuracy of consonant identification when 
all noise types are collapsed 
 
Figure 5. This figure showed the accuracy of identification of consonants with different 
places of articulation under different noise types 
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E. Correlation among noise types 
      To determine how well the accuracy of consonant perception in synthetic noises 
associates with real-life environmental noise, Pearson correlation was calculated for these 
pairs of noise types. Table 6 shows the results. Scatterplots in Figure 6 illustrates the 
correlation among the noise types. 
 
Table 6. Pearson coefficient r between the synthetic noise (10B & SSN) and real-life 
environmental noise (RES& TRF) 
 10B SSN 
RES r = .80, p < .001 r = .82, p < .001 
TRF r = .67, p < .01 r = .77, p < .001 
 
The results showed strong positive correlations among all the noises. SSN appeared to have 
the highest correlation with both the TRF and RES. 
 
(a)                                                (b) 
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(c)                                                 (d) 
  
Fig. 6 (a) Scatterplots between 10B and RES; (b) between 10B and TRF; (c) between SSN 
and RES; (d) between SSN and TRF 
 
IV. Discussion 
The main objectives of this study were (1) to investigate the effect of noise level, that 
is in quiet, 0 dB SNR (A0), and -6 dB SNR (N6), on the perception of a full set of Cantonese 
initial consonants, (2) to compare the masking effect of the four noise types investigated 
(TRF, RES, SSN, and 10B) on the perception of Cantonese initial consonants and any effect 
of noise types on the manner and place of articulation of the initial consonants, (3) to 
determine how well the synthetic noise made in laboratory (SSN & 10B) can predict the 
effect of real-life environmental noises (TRF & RES). 
Effect of noise level 
      The results showed that it is more difficult to perceive consonants in lower SNR (-6 
dB SNR) than in higher SNR (0 dB SNR). This is as expected as lower SNR has greater noise 
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intensity which provided greater energetic masking on the target words. As the difference is 
significant as shown in the results, this indicates that a change of SNR from 0 dB to -6 dB 
SNR can greatly impact the perception of consonants for normal-hearing people. 
Effect of Noise types when collapsing all the consonants 
With respect to the effect of noise type on the accuracy of consonant perception, the 
results suggested that 10B had the greatest masking effect on perception of consonants while 
the other three noise types (TRF, RES, and SSN) did not differ greatly of their effect when all 
consonants were taken into account. This is consistent with our hypothesis that 10B has the 
greatest masking effect. This in fact supports the result of Lecumberri and Cooke’s study 
(2006) which found that the mulit-talker babble has greater masking effect on consonant 
perception than SSN, which in turn has a greater masking effect than single-competing talker 
speech. Despite the 10B is a less effective energetic masker than SSN due to the more 
spectro-temporal variation of 10B than SSN (Lecumberri, Cooke, & Cutler, 2010), it has the 
information masking in addition to the energetic masking (Lecumberri & Cooke, 2006). 
Therefore, the combination of the energetic and informational masking of 10B may account 
for its significantly larger masking effect. This indicates that the 10B or multi-talker babble is 
the noise type that impacts the perception the most for both Cantonese and English 
consonants. It is surprising that the other three noise types have similar masking effect as the 
environmental noises (TRF and RES) should have fluctuating spectrum and intensity 
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(Rhebergen et al., 2008), thus should have less masking effect. However, as there can be quite 
large variation for the same type of environmental noise due to the venue that the noise is 
recorded and the time that the noise is recorded, the temporal and energetic aspects can be 
different even they are both, say, RES. Therefore, it is hard to predict the masking effect of 
the environmental noise. In this study, the TRF and RES may have less temporal modulation, 
so they have masking effect similar to SSN which is a stationary noise. 
Manner of articulation 
The findings revealed that the noise types affect the perception of consonants with 
different manner of articulation to a different extent. Overall, the identification of affricates 
was the least affected by the noise while the noise had the most detrimental effect on nasals. 
These patterns of ease of the identification of consonants in noises are the same for each of 
the four noise types and they could be explained in view of their acoustic features. For 
affricates, their production is consisted of a period of complete obstruction of the vocal tract 
(like stops) and then a period of turbulence noise (like fricatives) (Kent & Read, 2002). In 
Cantonese, the affricates are /ts/ and /ts
h
/ in which their frication noise is formed by directing 
the air stream formed between the palate and tongue (a narrow constriction) against the front 
teeth (Ohde & Sharf, 1992) which is similar to the production of fricative /s/. The frication 
noise generated against teeth creates a sibilant type of frication, which has greater intensity 
and higher frequency than the non-sibilant ones (Ohde & Sharf, 1992). As the noise types 
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investigated in this study (TRF, RES, SSN, and 10B) have lower amplitude when the 
frequency is higher (see Figure 7 for the noise spectrum), the energetic masking of this 
frication noise is little and there are “glimpses” of the sound in the spectrotemporal regions 
(Cooke, 2006).  
One possible reason for the nasals to have the lowest accuracy of identification (i.e. 
affected to the greatest extent) regardless of the noise type could be its relatively low 
intensity. Nasals are produced by the occlusion of oral cavity and the air flows through the 
nasal cavity where the resonance occurs. Nasal resonance causes anti-formant which leads to 
the low intensity (Glass, 1984). They also have lower formant frequencies when compared 
with non-nasals. As the amplitude (intensity) of noises is lower with higher frequency (see 
Figure 7 for the noise spectrum), the low frequency of nasals as well as its low intensity make 
them hard to perceive, i.e. being masked energetically and cannot be “glimpsed” in the 
spectrum.  
 
Figure 7. Spectrum shows the frequency band (x-axis) and amplitude (y-axis) of restaurant 
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noise. The other three types of noises (10B, SSN, and traffic noise) have similar spectrum 
shape with this. With higher frequency, the amplitude is lower. 
 
Place of articulation 
The place of articulation was also shown to have an effect on the accuracy of 
consonant identification in noise. Generally, more posterior places of articulation (velars, 
palatals) had higher accuracy than the more anterior ones (bilabials) under all four noise types. 
Glottal was the exception in which it always had the lowest accuracy among other places of 
articulation even for its posterior place of articulation. This general pattern may be explained 
by the resonance. When the place of articulation is more anterior, such as bilabial, then there 
is no front cavity for the resonance to take place, thus fails to amplify the sound and the 
intensity would be lower. This contributes to the difficulty to perceive under noise for the 
consonants with more anterior place of articulation. The low accuracy of identification of /h/ 
is also likely due to its low intensity. 
Prediction of consonant identification performance in real-life environmental noise from the 
performance in synthetic noise 
All noises were shown to be strongly correlated and among them SSN correlated with 
both environmental real-life noises (TRF and RES) the best. This indicated that SSN is a 
good candidate of laboratory-made noise to choose if we want to predict the consonant 
identification accuracy under real-life environmental noise since it can best predict the 
perception difficulties under environmental noises. The accuracy of consonant identification 
under real-life noises can be predicted by plotting a regression line in the scatterplot between 
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SSN and that environmental noise so that the total distance between each data point from the 
line is the minimum. On the other hand, if we want to predict the most difficult situation for 
consonant perception, 10B can be a good type of laboratory noise to be used as it provides the 
greatest masking effect on identification of Cantonese consonants as shown in the results. 
Limitations and further investigation 
       The stimuli used for the identification of consonants were monosyllabic Cantonese 
words in this study which may not mimic the real-life situation of perceiving speech in noise. 
As the context before the target initial consonants can affect the acoustic cue of the 
consonants, carrier phrase may be a better stimulus to use in the study to investigate the 
perception of consonant under noise. However, concerning the long experimental time it 
would time, the present study used the monosyllabic word stimuli instead.  
      This study provides a base and a general picture on the perception of Cantonese initial 
consonants of normal-hearing people under adverse condition. In order to provide more 
information on the hearing difficulties of the hearing-impaired populations under adverse 
conditions, further investigations on the perception of hearing-impaired populations under 
different noise types should be carried out. This can help understand the type(s) of noise or 
the situation of the listening conditions that affect the perception of speech the most for this 
population, and thus provide invaluable information for improving the design of hearing aids 
in the hope to provide a more favorable auditory condition for these people. 
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Conclusion and clinical implication 
This study showed that affricate is affected by the noises to the least extent while the 
nasal is the manner that is affected to the greatest extent. Initial consonants with more 
posterior place of articulation are affected less by the noises when compared with those with 
more anterior place of articulation. This implies that initial consonants with manner of nasal 
or with more anterior place of articulation may be harder to perceive and identify by the 
normal-hearing people under adverse conditions (or at least under the four noise types the 
present study investigated). Moreover, the 10B is the condition that the people find most 
difficult in perceiving Cantonese initial consonants in which is consistent with the results of 
previous study on English consonants. If we apply these result to the populations who has 
hearing problem (e.g. hearing-impaired children and adults, and the elderly people), it is 
reasonable to predict that the perception of nasals or initial consonants with more anterior 
places of articulation even places a much larger problem on these populations in adverse 
conditions, particularly in conditions that contain quite large number of people talking 
together (similar to 10B). This information can provide some insight for the design of hearing 
aids as the manufacturers may amplify more of the types of consonants that are more difficult 
to hear under noise conditions.  
      Given that the 10B and SSN can predict the performance on consonant identification 
under both RES and TRF with SSN being the one that can even better correlate with the two 
environmental noises, it implies that SSN is a potential noise type that experimenters can use 
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to predict the hearing difficulties on consonants under real-life noisy situations. 
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Appendix 
Appendix 1: Language-background questionnaire 
 
日期：＿＿＿＿＿＿＿＿＿＿ 
 
香港大學 
言語及聽覺科學部 
 
語言背景問卷 
 
甲、基本資料 
 
參與者編號：  （由調查人員填寫） 
參與者性別：男／女 
參與者年齡：   
 
目前最高的教育程度： 
小學／初中／高中／大專／碩士／博士（如屬大專程度或以上，請寫出主修學系：＿＿
＿＿＿） 
 
閣下有否接受過語言學或語音學的訓練？ 有／沒有 
 
乙、基本語言背景 
 
閱讀下列問題，並圈出選擇。 
 
 
 
丙、日常語言運用 
 
估算在以下情況使用廣東話的百分比（例如：90%）。 
 
 情況 百分比 
6. 在家中和家人交談  
1. 閣下是否在香港出生及成長？ 是／否 
2. 閣下的父母是否說純正及流利的廣東話？ 是／否 
3. 閣下的家庭是否只以廣東話為溝通語言？ 是／否 
4. 閣下的第一語言及最擅長的語言是否廣東話？ 是／否 
5. 閣下現在或曾經有否語言、發音或聽力問題？ 是／否 
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7. 探訪親友  
8. 在工作或學習環境中  
9. 和朋友交談  
10. 電話交談  
11. 逛街  
12. 社交聚會  
 
估算在以下時段使用廣東話的百分比（例如：90%）。 
 
 
 
丁、其他中文方言 
 
閱讀下列問題，並圈出選擇。 
 
16. 除中小學課程所授的普通話外，中文方言裡，閣下是否只懂得
廣東話？(其他中文方言包括上海話、客家話等等) 
是／否 
 
問卷部分已完成，請將問卷交回調查人員。 
 
 
 
 
 
 
 
 
 
 時段 百分比 
13. 過去五年  
14. 過去五個月  
15. 過去五個星期  
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Appendix 2: Adult informed consent form for participants  
 
是次研究題目: 不同噪音環境對聆聽廣東話聲母的影響 
 
一.  研究目的 
這是一項關於言語科學的學術研究，旨在探討不同的噪音環境對聆聽廣東話聲母的影響。
是次研究會使用日常接觸到的環境噪音，以及使用合成出來的噪音，並會比較兩種噪音
對聆聽說話的影響。 
 
 
二.  測試過程 
 閣下需要參與兩個 1.5 小時的環節，地點會在香港大學明華綜合大樓。屆時整個環節
會在一個設有隔音設備的特別室進行，以免週遭雜音影響調查結果。環節內容包括接受
一個聽力檢查及一份有關語言背景的問卷調查。然後， 閣下將會聆聽一些廣東話字詞，
並需要重覆該字詞。如果 閣下屬於是項研究的對象，我們會請 閣下繼續聆聽及重覆在
噪音背景下的廣東話字詞。 
過程中，會有定時的休息時間給予 閣下，如有需要， 閣下亦能要求額外的休息時間。    
 閣下的語音會被錄音，以供後期的數據分析之用。 
 
 
三.  潛在風險/可能導致的不適 
過程中， 閣下可能會感到疲倦 (視乎個人情況而定)，但期間會有定時的休息時間給予 
閣下，希望盡量減少 閣下可能出現的疲倦感。 
 
 
四.  參與者的補償及利益 
每次在完成一個1.5小時的研究活動之後，我們將支付 閣下港幣30元作為酬謝。而每位
參與者亦可獲得一次免費的聽力檢查，而且所搜集的數據將對耳蝸移植及助聽器的發展
提供寶貴的資料。 
 
 
五.  資料保密性 
是項研究所得的所有資料(包括 閣下的語言背景、聽力檢查結果及錄音)均會保密，絕
對不會對外透露，並只作研究用途。所有資料將會無限期保存於是項研究的導師黃教授
之受密碼保護的個人電腦及其辦工室之上鎖的櫃內。我們只會用編號標示參與者，並不
會在任何報告及文件中透露 閣下的真實姓名。帶有簽名的通知/同意書會與其他帶有編
號的材料分開保存。只有語音研究實驗室的工作人員和參與此研究的有關人員才允許接
觸這些數據以及同意書。閣下亦能聆聽錄音內容，如有任何問題，可要求刪除全部或部
分內容。 
 
 
六.  參與及退出 
是次參與純屬自願性質， 閣下可隨時終止參與是項研究，有關決定將不會引致任何不
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良後果。 
 
 
七.  問題及查詢 
如 閣下對是項研究有任何查詢，請與謝小姐 (6572-2034)或是項研究的導師黃教授 
(3917-1567) 聯絡。如 閣下想知道更多有關研究參與者的權益，請聯絡香港大學非臨床
研究操守委員會(2241-5267)。 
 
 
八.  簽署 
 
我_________________(參與者姓名) 明白以上內容，並願意參與是項研究。 
 
____________________                    _________________ 
(參與者簽署)                                  (日期) 
 
 
日期： 
非臨床研究操守委員會確認逾期日期： 
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Appendix 3: Stimuli lists of experimental set and training set 
Stimuli list of experimental sets 
Target stimuli IPA of stimuli Target stimuli IPA of stimuli 
巴 /pa1/ 吧 /pa6/ 
怕* /pha3/ 爬 /pha4/ 
單*# /tan1/ 打 /ta2/ 
他 /tha1/ 談 /tham4/ # 
加 /ka1/ 假 /ka2/ 
卡 /kha1/ 琴 /khɐm4/ # 
瓜 /kwa1/ 掛 /kwa3/ 
誇 /kwha1/ 逛 /kwha3/ 
媽 /ma1/ 馬 /ma5/ 
拿* /na4/ 那 /na5/ 
啞* /ŋa2/ 雅 /ŋa5/ 
渣 /tsa1/ 炸 /tsa3/ 
叉 /tsha1/ 查 /tsha4/ 
花 /fa1/ 化 /fa3/ 
沙 /sa1/ 灑 /sa2/ 
哈 /ha1/ 夏 /ha6/ 
也* /ja5/ 廿 /ja6/ 
娃 /wa1/ 話 /wa6/ 
啦 /la1/ 懶 /lan5/ # 
*The syllables that cannot form minimal pairs with others (the exception in the list) 
#The syllables with a final nasal consonant (the exception in the list) 
 
Stimuli list of training set 
Target stimuli IPA of stimuli 
播 /pɔ3/ 
破 /phɔ3/ 
多 /tɔ1/ 
妥 /thɔ5/ 
個 /kɔ3/ 
茄 /khɛ2/ 
果 /kwɔ2/ 
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狂 /kwhɔŋ4/ 
冒 /mou6/ 
怒 /nou6/ 
我 /ŋɔ5/ 
座 /tsɔ6/ 
坐 /tshɔ5/ 
火 /fɔ2/ 
梳 /sɔ1/ 
河 /hɔ4/ 
野 /jɛ5/ 
窩 /wɔ1/ 
羅 /lɔ4/ 
 
 
 
 
